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v Problem solving and Algorithms
v Programming (OOP)
v Software Engineering (SDLC, IPO, structured design, design patterns)
v Automata theory
v Systems programming

o OS (shell, kernel, I/O)
o Compiler construction

v Data
o Database management & models (DBMS)
o Data science & Mining

v Graphics (gaming, VR)
v AI

o Game playing with Heuristics
o Machine learning (Deep learning)
o Pattern recognition (fingerprints, facial, etc.)

v Cryptography & Cybersecurity
v Simulation & Modeling

o Queueing theory
v Digital System design (logic design)
v Computer Architecture (ISA, SIMD, caches, multi-threading)
v Numerical Analysis & Control (DNC)
v Information Technology (IT/CIT)

1st course

v Desktop
v Mobile
v Website
v Embedded

Application Realms

v Desktop

Computer Engineering
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Computer
Phone
Controller

Hardware

Layers
Levels
Composition

Software

Hard disk
Flash disk
Flash 
EEPROM

External Storage

v CODE
v DATAComputer 

Engineering

Computer 
Science

v Architecture
v Physical design

v Algorithms
v Theory
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Ordin
al

Power
of 2

Power 
of 10 Actual

1K 210 103 1024

1M 220 106 1,048,576

1G 230 109 1.074x109

1T 240 1012 1.0995x1012

Name 2n M/G Actual

byte 28 -- 256
short 216 64K 65,536
word 232 4B 4.3x109

long 264 16 Q 1.84x1019

IPv6 2128 340 uD 3.4x1038

10^(+6)  million
10^(+9)  billion
10^(+12)  trillion
10^(+15)  quadrillion
10^(+18)  quintillion
10^(+21)  sexillion
10^(+24)  septillion
10^(+27)  octillion
10^(+30)  nonillion
10^(+33)  decillion
10^(+36)  undecillion
10^(+39)  duodecillion
10^(+42)  tredecillion
10^(+45)  quattuordecillion
10^(+48)  quindecillion
10^(+51)  sexdecillion
10^(+54)  septendecillion
10^(+57)  octodecillion
10^(+60)  novemdecillion
10^(+63)  vigintillion
10^(+100)  googol
10^(+303)  centillion
10^(10^(+100))  
googolplex

Gazillions

10^(29)/2^(100)   geo
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vInvented/Artificial
q Signaling

Ø Smoke signals
Ø Drums
Ø Semaphores

q Communications
Ø Morse code
Ø Hollerith code (punch cards)
Ø Paper tape codes
Ø Encryption/cypher codes
Ø ASCII code (also EBCDIC)

vNatural
q DNA – Genetic code

Ø Base-4 {A,C,G,T)
q Fibonacci sequence

Ø Shell growth
Ø Leaf growth
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1st Digital CodeBase 2 = {dot, dash} 1836-1844
by Samuel F.B. Morse et al.Each letter is a 1 to 4-bit character
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12
11

A
12

1

B
12

2

Invented by Herman Hollerith for 1890 census
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1963
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IANA encourages use of the name "US-ASCII" for Internet uses of ASCII

\n=\u000A
sp=\u0020

char ch=0xA
char sp=0x20
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EBCDIC
Extended Binary Coded Decimal
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16-bit

unique 
special chars
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UTF-8/16
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v7 LSB are same codes as for ASCII
v9 MSB add 216=65,536 - 128 new codes
vJapanese character sets

Ø Kanji uses same 5000 characters as base Chinese
Ø Hiragana/Katakana uses phonetics  

vOther foreign languages
q alphabets
q special characters
(vis-à-vis, oomlaut)

UTF-16
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Upper 128 chars of 8-bit Plane 0 UTF-16
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Variable Length version of Unicode
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Engineering
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Disk

DRAM

L1/L2 Cache

Code + Data + OS

SRAM
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Multi-level Memory

I D

Instructions

ICU

Register File

Data

ALU R0
R1
:
RN

TIMING
(cycles)

+0

+1

CPU chip

Execution Unit

DRAM

SIZE
(bytes)

4(N+1)

8-64K

larger

smaller

x10-100

faster

slower

1-4G

256G
DISK

(SSD = “flash”)

“Harvard”

Unified
RAM
(I/D)

+100

+1000

L1 cache
SRAM
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DRAM SRAM1T 4T
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ROM
vROM (masked)
vPROM
vEPROM
vEEPROM
vFlash E2
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GET-PUT

READ-WRITE

INPUT-PRINT

CIN-COUT
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MPU

MPU MCU

MCUMPU

MPU MCU

i8008, 6800

8-bit

16-bit

32/64-bit

i8048, i8051, PICi8085, Z80, 6502

i80n86, 68000, Z8000 Z8, ARM, PIC

29K, i960, ARM, PIC

1972

1975

1978

1985
Pentiums, MIPS
PowerPC, SPARC

Microprocessors
For
COMPUTING

Microcontrollers
For
CONTROL
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CISC vs RISC:
Complex/Reduced Instruction Set Architecture

vMicroprocessor History
Ø 1971-85:  CISC (8/16-bit)

² Intel i4004 (4-bit)
² Intel i8008 (8-bit) à i8080 à i8085, Z80 à i8086 (16-bit) à “x86”
² Motorola 6800 (8-bit) à 6502 à 68000 (16-bit)
² IBM PC  used i8088 (8/16-bit) in 1981 à i80n86 (“x86”) à Pentiums

Ø 1985-2000:  RISC – (32/64-bit)
² SPARC* (UC Berkeleyà Sun/Oracle)
² MIPS* (Stanford)
² PowerPC* (Motorola/IBM)
² AMD 29K
² Intel i960
² Intel/AMD “Pentiums”*
² ARM*
*still exist
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MCS-8
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MCS-8

RUN STALL

RISC

CISC
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RISC:
Reduced Instruction Set Architecture

vKey Architecture of RISC
Ø Reduced ISA:  small set of instructions
Ø Fast execution:  single cycle only
Ø Reduced impact of memory

² No microprogram (key change)
§ Instructions scale to vertical microinstructions (single-cycle)
§ eliminates ~30% chip area

² LOAD-STORE (only) memory references
² Full general register sets
² Cache memory

§ On-chip
§ Multi-level 
§ Harvard architecture – separate I and D

Ø Pipelining
² 4 or 5 stages
² Interlocks

§ Hardware (SPARC, 29K)
§ Software (MIPS):  compiler manages pipeline scheduling
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I-dec/Op-fetch

I fetch

ALU execution

Write-back

Hardware Interlock
or
Delay Slot (NOP)
(for LOAD, BR)

Instructions

Data
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I-dec/Op-fetch

I fetch

ALU execution

Write-back

Hardware Interlock
or
Delay Slot (NOP)
(for LOAD, BR)

Instructions

Data

I+D fetch Execute

I+D fetch Execute

I+D fetch Execute

CISC Pipeline

RISC Pipeline

One cycle

One cycle

4-stage

2-stage

ExecuteI+D fetch I+D fetch Execute

Non pipelined

One cycle

I8008/M6800

i8088/M68000

R3000/SPARC/i960/29K/PPC
4-8 cycles per I

2-4 cycles per I

1 cycle per I
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Microprocessors
For
COMPUTING

Microcontrollers
For
CONTROL

v All 32/64-bit CPUs
v Large data processing 

applications
u Employee records
u Accounting
u Payroll

v Operating systems (OS)
v “Apps” (applications)

u PC/Mac
u Mobile (phones, tablets)
u Web apps
u Cloud apps (SaaS)

v Small embedded control applications (8-bit MCU)
u Appliances
u Disk controllers
u Remote controllers
u Garage/gate openers

v Medium embedded control (16-bit MCU)
u User devices (iPods, phones, etc.)
u Car/Airplane engine control
u Car/Airplane braking & safety
u Car transmission control
u Home Automation (HAN)

v Large embedded control (32/64-bit MCU)
u Car/Airplane entertainment
u Car/Airplane navigation, systems management
u Printers (MF)
u Communications gear (WiFi, cable TV boxes)Focus is Memory

for large Data Files

Focus is I/O – InterruptsLarge DRAM, Disk, Flash

² Tiny
² Low power
² Low cost

² Real-time
² All-in-one
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MICROPROCESSOR MICROCONTROLLER

GP REGISTERS REGISTERS

D
CACHE

CODE
ROM*

DATA
RAM

DATA
ROM*

*ROM contents
must be
“programmed”
“burned”, or masked

STACK

I
CACHE

DRAM

L2-L3
CACHE

TLB

LARGE 
EXTERNAL
MEMORY

SMALL
INTERNAL
MEMORY

FILE REG

VIRTUAL
MEMORY
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Clock rate = 1/Clock cycle time
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Flynn Partition
Michael J. Flynn paper (U Illinois (UIUC), Ca 1969)

In
st

ru
ct

io
ns

Data

Single (S)

Multiple (M)

SIMD
Vector Processor

Std CPU

MIMI

SI

SD MD

Superscalar Supercomputer
GPU
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vSuper- Pipelining
q SISD (single instruction)
q Split some pipeline stages
q Faster clock cycle à higher throughput (mips)
q Affect CPI?

vSuper- Scalar
q MISD (multi-instruction)
q Multiple pipelines à each with own ALU
q Requires compiler to schedule instruction streams

vMulti- Threading
q SISD (single instruction)
q Multiple control threads 
q Requires programmers to schedule control threads 

vMulti- Core
q Classic Parallelism:  multiple copies of the whole CPU
q Multiple L1 caches (one per core)
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ANALOG IN ANALOG OUT

DIGITAL
PROCESSORADC DAC

Embedded Control lives in an ANALOG world

v ADC
² Typ 8-14 bits (resolution)
² Flash or SAR

v DAC
² Byte (8-bit)
² Resistor ladder

101101001011010010
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Science
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vApplications
q Desktop
q Mobile (Apps)
q Web

vWeb
q Markup
q Applications
q SQL databases

vEmbedded Control
q Small (8-bit)
q Medium (16-bit)
q Large (32/64-bit)

ØCommon required properties
§ Performance
§ Reliability (bug free)
§ Security

v APIs (Frameworks) v Client-Server model
v Language “stacks” (e.g., LAMP)

~70% of all software

v From TV remotes to
v Autonomous cars and
v Robots
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Machine
(Binary)

Assembly

High-Level

1011010010101101

LD R1,X
ADD R1,R2,R3

Imports System.Drawing.Printing
Public Class Form1

Inherits System.Windows.Forms.Form
'**system constants
Public Version As String = "Version x.x”
Dim DataVer As String 'ver # in file

MyBase.Load
copyrt.Text = "Copyright(c) 2007-12”
DemoLab.Visible = DEMO

boxcolorY = CatBox.BackColor

Human readable
(.htm, .js, .php, .vb files)

Machine readable
(.exe files)

hybrid
(.asm files)
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OS

API

User
Applications

Hardware
CPU

Simple View

Win/Mac OS/Unix
iOS, Android

Microsoft .NET, Java Lib
Apple Cocoa, Android API

Assembly level

Java, Python, C/C++
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7-Level
OSI MODEL

of Protocol Layers
IN COMMUNICATIONS SYSTEMS

Copyright 2015 Jeffrey H. Drobman – all rights reserved

1

LEVEL

DIGITAL

2

3

EXAMPLES

PHYSICAL

Data Link

ANALOG

Network

4

5

6

7

PHY–
CDR
Transceiver
Optical–
Laser diode/LED, Photodetector, TIA, PA

Transport

Session

Application

IP addressing & 
routing

Office applications suite, Adobe Acrobat
Internet applications:  HTTP, FTP, POP, SMTP

Presentation

PMI

PMD

MAC (Media Access Control)

TCP, UDP, TLS

SSL, encryption, compression

connections



INTRO
©2016-19 Jeff DrobmanHardware-Software Layers

7-Level
STACK HIERARCHICAL MODEL OF

LEVELS OF DESIGN
OF DIGITAL SYSTEMS

Copyright 2008 Jeffrey H. Drobman – all rights reserved

1

LEVEL

DIGITAL 2

3

EXAMPLES

PHYSICAL

LOGIC

ANALOG

SOFTWARE

Processor
ISA

4

5

6

7

Communications

Logic Design

Intel/AMD Pentiums
MIPS, Sparc

OS

API

Applications

Data

PROCESSOR
ARCHITECTURE

HARDWARE

Microprogram

Win/Mac OS/Unix
iOS, Android

Microsoft .NET, Java Lib
Apple Cocoa, Android API

Microsoft  WORD, Excel & “apps”

.doc, .xls, .sql, .csv, .txt files

(NOTE:  FIRMWARE is any embedded software, such as microprograms, monitors, real-time executives, etc.)

MIddleware

Firmware
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Computer 
Science
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Problem à Requirements à Design à Implementation

SDLC
vRequirements

1. Function 1
2. Function 2 
3. Function 3 
4. Function 4 
5. Function 5
6. Feature 1
7. Feature 2  



INTRO
©2016-19 Jeff DrobmanTop-Down Analysis

Problem

Sub
Problem

Sub
Problem

Sub-sub 
Problem

Sub-sub 
Problem

Sub
Problem

“Problem” à “Requirements”

Each Sub Problem à Requirements/Function
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Main
System

Hardware
System

Sub-sub 
System

Sub-sub 
System

Software
System

Sub-sub 
System

Sub-sub 
System

“System” = Hardware + Software

Structure Mapped to Requirements

vEach block has
q Structure
q Behavior

Ø Data flow
Ø Control flow

DATA
STRUCTURE
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Structure Mapped to Requirements

Main
Method

Function 1

Method
Function 2

Method
Function 3

Method
Algorithm 1 Algorithm 2 

Ø Not all Functions are implemented by Algorithms

Tree structure
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Computer 
Science
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Ø Map Fns à Methods

Programs & Algorithms

Main

Method 1

Method N

o
o
o

PROGRAM

Requirements

Data IN Data OUT

Ø 1 Algorithm per function or method

Procedure à Process

Nested Structure

Algorithm A

Algorithm B
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PROGRAM

Requirements

Data IN Data OUT

ERRORS

v compiler finds
v you fix

BUGS

you find & fix

v BUGS
q DEBUG
q in situ à IF-THEN
q exception handlers

v ERRORS
q syntax à compiler
q semantic/logic à debug
q exceptions à handlers

Errors and Bugs

v You find
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v 1947
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Computer 
Science

We will use these
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PROCESSINPUT OUTPUT
DATA DATA

CODE
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Software

vCode structure
q Macro

§ Classes
§ Methods

q Control (Micro)
§ Conditional blocks

• If
• Switch - Case

§ Loops
• For
• While

vData structure
q In Code

§ Arrays
§ Array-Lists
§ Enums
§ Collections

q In Files
§ CSV files
§ Databases

vData types
q Numeric

§ Integer
§ Floating-point

q Non-Numeric
§ Logic (Boolean)
§ Characters
§ Strings
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vBread (encapsulation)
q Classes
q Methods

vGreens (passing data)
q I/O
q Parameter passing

vCheese (blocks/constructs)
q Conditional structures

§ IF-THEN-ELSE
§ SWITCH-CASE

q Loops

vMEAT (statementsàgist)
q Arrays
q Strings
q Expressions

§ Arithmetic
§ Logical

Ø DATA

Ø CONTROL

Ø Input/Output

Ø STRUCTURE
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Computer 
Science
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ANALYZE PROBLEM

WRITE REQUIREMENTS

CREATE DESIGN

WRITE PROGRAM

ANALYZE RESULTS

q STRUCTURE
§ CODE
§ DATA

q ALGORITHMS

Language Independent

Select Language

Development Procedure
(similar to SDLC)

Systems Analysis
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SOFTWARE DEVELOPMENT LIFE CYCLE

Requirements

4 stages
we use

Structure

Coding

CSD UML
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REQUIREMENTS

PROCESS

DEBUGGING/TESTING

INPUT OUTPUT

as intended?

correct program?

Ø We will use this model
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SDLC – System Analysis

Problem (Work statement) à Requirements

Problem

Sub
Problem

Sub
Problem

Sub-sub 
Problem

Sub-sub 
Problem

Sub
Problem
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SDLC – System Analysis

vTypes of Requirements
q Functions (“what”)
q Features (“how”)
q Performance (speed)
q Cost
q Time/schedule
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SDLC – Design

Main
Program

Sub
Program

Sub
Program

Sub-sub 
Program

Sub
Program

Ø Include/Import LIBRARIES

public int sub1( arg_list) {
int fn1
fn1 = formula1
return(fn1)
}

#include <stdio.h>
#include <iostream>
#include <stdnamespace>

import javax.swing.jOptionPane
import javax.*

C/C++

Java

void main( ) {
//call subs
}
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DATA FILE A

DATA FILE B

DATA FILE C

DATA FILE D

DATABASE
-OR-

DATA
STRUCTURE

SDLC – Design
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vReliability
q Testing

Ø Unit testing
Ø Black-box

q Error handling
Ø Compile time

² Warnings
² Errors

Ø Run time
² TRY-CATCH blocks (Avoid crashes)

q Debugging
Ø Debug Tools (breakpoints, watch variables)
Ø Embedded debug code

vSecurity
q Top 10 vulnerabilities
q Monitor & Detect
q Plug security holes

SDLC – Testing
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Computer 
Science
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q Debugging
Ø Debug Tools 

• Breakpoints
• Watch variables
• Activation stack

Ø Embedded debug code
• Breakpoints (implicit)
• Print/log variables
• Print/log activities
• Use “$DEBUG” switch
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Reqts
Tsui & Bernal (2014), Essentials of Software Engineering

SDLC – Testing
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Tsui & Bernal (2014), Essentials of Software Engineering

SDLC – Testing
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vDevice testing takes 2 to 4 times development 
effort

SDLC – Testing
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v Functional tests
Ø Based on feature list

v Context tests (especially mobile)
Ø How does the user experience render on the device?
Ø Does it load quickly and correctly?
Ø Can you use the physical features of the device as intended?
Ø Does it terminate correctly?
Ø What happens when the device loses connection?
Ø Does the application work when hopping from cell tower to cell 

tower?

SDLC – Testing
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SDLC – Maintenance
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SDLC

Tsui & Bernal (2014), Essentials of Software Engineering
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vAgile

vScrum

vWaterfall model

Time à

Tasks

u Resources
u Time
u Cost
u Requirements
u Technologies

MANAGE

vTools
q MS Project
q GANTT
q PERT
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Seventeen years ago agile began as a simple manifesto. Now, with all 
the methods and frameworks formulated in its name, it has become fat 
and flabby. We have reached a point where what we set out to change 
(big prescriptive methods) has returned, but now under the banner of 
being agile. The Heart of Agile is an attempt to return to agile's real core. 
But are the four words collaborate, deliver, reflect, and improve enough 
to get practitioners to implement the true heart of agile?

Essence, a new common ground for software engineering, is an attempt 
to find a middle ground between the very core of agile and all the 
multitude of competing implementations of agile. In this presentation you 
will learn how Essence can strengthen the Heart of Agile without getting 
into particular ways of doing agile.

August 2018
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TIMELINE

1950 1960 1970 1980 1990 2000 2010

1957
FORTRAN

ALGOL

COBOL

BASIC
1964

C

Pascal

C++

PL/1
Ada

Perl

VB

PHP

Java

Ruby

VB.
NET

C#

Javascript

Python
1959

1970

1972

Smalltalk
1980

1987

1983

1960

1983

1994

1995

1996 2001

1990

1995

Lisp
1958 1964



INTRO
©2016-19 Jeff DrobmanC History

© 1978

“The Book”

Ø Kernighan & Ritchie
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Ø Pointers!
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1950 1960 1970 1980 1990 2000 2010

HTML

PHP

MARKUP

SCRIPTING

LEGEND

CSS

TIMELINE

VB.
NET

APPLICATION

Perl

C#Java

Ruby

Javascript

Python
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Dec 2018
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©2016-19 Jeff DrobmanKey Languages & Tools

jGRASP
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Java VM (not RTE) on Client

SE 8 Update 181 (“SE 8u181”)latest rev

Security Concerns
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v Imperative/Procedural  {main + subs}
² C
² FORTRAN, PL/1, Pascal (old ones)

v Object-Oriented (OOD/OOP) {classes + methods}
² C++, Java
² Visual Studio (.NET)-- VB, C#
² Apple’s Objective C/Swift

v Scripting (Functional) {command sequence}
² Perl, Ruby, PHP, Javascript

v Markup {sequence independent page building}
² HTML5, XML, XAML, CSS

v Database Query
² SQL, MySQL, jQuery
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vASP
q Microsoft .NET
q JIT (intermediate language)
q MVC

vJSP
q Java
q JIT (intermediate language)

vNode.js
q Javascript (on server)
q Complete (app server too)

vPerl
q Scripting + C-like
q Uses CGI

vPHP
q Scripting + OOP
q JIT (intermediate language)

vPython
q Terse OOP
q Used in Django, Pyramid

vRuby (on Rails)
q Templates
q MVC

vPython
q Terse OOP
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#include <stdio.h>
void main () {
printf(“Hello world!\n”;

}

#include <iostream>
void main () {
std::cout << “Hello world!\n”;

}

Public class helloWorld {
public static void main (String[] args) {
system.out.println (“Hello world!”);

}

//myfile.js
Console.log(“Hello world!”);

C

C++

Java

Javascript
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Basic

VB

C#

note:  line numbers!

OOP + GUI

OOP + console

DOS script (for console)
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Assembly

PHP
Ø all console
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“AWT” graphics 
has been replaced by
“FX” graphics 
(along with “Swing”)
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vC (1971)
Ø origin:  Base language – invented by Bell Labs for Unix
Ø level:  low/system level (can embed assembly code)
Ø target:  embedded systems  (still most used)

vC++ (1979)
Ø origin: “C with classes” – invented by Bell Labs (Stroustrup)
Ø level/target:  low/system/embedded + desktop (not web)
Ø flexible:  supports ”C-like” and/or OOP (classes) styles
Ø evolution:  moving away from classes (OOP) à a “better C”

vC# (2003)
Ø origin:  invented by Microsoft for its “.NET” apps on Windows only
Ø target:  all applications, but mostly Web apps

vJava (2003)
Ø origin:  invented by Sun Microsystems for machine independence
Ø target:  all “client” computers on the WWW to run web apps
Ø evolution:  now Oracle, has “desktop” and “enterprise” versions (EE)
Ø requires “JVM” or “JRE” to run programs
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C C++ Java

Object-oriented NO MIXED PURE

Compiled/Int Compiled Compiled Interpreted

Intermediate Lang none none Bytecode

Output printf std::cout << system.out.println

Input scanf std::cin >> input.next( )

Strong Typing NO NO YES

Source File.ext .c .cpp .java

JVM/JRE
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C++ Java
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C++ Java

Java

Std C Lib
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Usage
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Code size
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Wikipedia
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Jan 30, 2018
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v portability

v JRE

v Interpreter
v JIT

Wikipedia
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Java Source Files
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Java source code

Java bytecode

Java Run-time
JVM/JRE

Java API
(javax.*)

v Compile

v Interpret (JIT)
v Run

hello.java

hello.class

java hello
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OS

JVM

User
Applications

Hardware
CPU

Portable language via Interpreter (JVM)

sourcecode.java

bytecode.class
v Windows
v Mac OS
v Unix

CPU

bytecode
source code

JVM

ONION SKIN MODEL

STACK MODEL
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v Standalone Applications
q Native

Ø Desktop
Ø Mobil apps (phone/tablet)

q Web
Ø Client (“Front end” via browser)
Ø Server (”Back end”)

v Embedded Control
q Appliances
q Cars/airplanes
q Phones/tablets

Ø iOS
Ø Android

q Computer Peripherals
Ø Storage devices
Ø Printers
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v NATIVE
² Runs directly on the device/computer on its OS

§ Computer (desktop or laptop)
§ Mobile (phone or tablet)

v WEB
² Runs remotely on the website server and is 

displayed on the device/computer via its Browser
v Mobile Web Apps

² redesigned websites for display on mobile devices
(phones, tablets) that include applications (“Web 
Apps”)
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v Standalone Applications
q Native

Ø Desktop
§ Universal (“Office”)
§ Specialized <- THIS CLASS

Ø Mobil apps (phone/tablet)
q Web

Ø Client (“Front end” via browser)
§ Desktop
§ Mobil

Ø Server (”Back end”)
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v Compilers
Ø Compiled languages (C, C++, C#, VB)

² Compile completely:  Translate HLL (.c, .h) into ASM (.asm)
Ø Interpreted languages (Java, Pascal)

² Compile incompletely (“JIT”) to an “intermediate” language
² “Pseudo” code is compiled at run time (slow)

v Assemblers
² Translate ASM (.asm) into linkable machine code modules (“LM”)

v Linkers
² Combine (“link”) LM modules into a single “executable” (.exe)
² Resolve external references
² Embed calls to dynamic “link libraries” or “frameworks” (.dll files)

v Debuggers

v SDK contains Compilers + API (Libraries) + IDE
v IDE is a development environment w/debugger



INTRO
©2016-19 Jeff DrobmanIDE + Platforms

COMPILER

ASM

LINKER/LIB

JAVA IL-bytecode

Abs Obj Mod

ROM

ROM

ROM

C code

.asm

.exe

.bin

.obj

.obj

.obj

HEX

PROM
burner

RUN

RUN

Java

JAVA VMJIT

PCB

PC

PC

RUN
LIBRARY
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SIMULATOR EMULATOR HARDWARE

q Debugger runtime 
environment in (IDE)

q Breakpoints
q Watch variables
q Target device 

selection
§ PC
§ Phone/tablet
§ Board

q ICE (in-circuit)
§ Pods
§ Breakpoints
§ Trace triggers & 

buffers
q Memory (known good)

§ R/W (ROM/RAM)
§ Wait states

SOFTWARE Substitute
HARDWARE

Actual
HARDWARE

q Code burned into ROM
q Working RAM
q Can use ICE
q Board bring-up
q Built-in test

§ JTAG
q Logic analyzers

RUN

PC PCBPCB

Embedded Systems
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SOFTWARE DEV KIT
INTEGERATED DEV ENVIRONMENT

vSDK
Ø JDK

vIDE
Ø jGrasp
Ø Eclipse
Ø MPlab

vSDK+IDE
Ø MS Visual Studio

§ .NET
§ UWP – Cross-platform

Ø Apple Xcode
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vDesign
q Microsoft

² OS = Windows (7, 8, 10)
² API = .NET Framework
² SDK/IDE = Visual Studio Cross Platform
² Languages = .NET versions of VB, C#, C++, Java

q Apple
² OS = Mac OS X, iOS (mobile)
² API = Xcode (Cocoa Touch)
² SDK/IDE = Xcode
² Languages = Objective C, Swift

q Google
² OS = Android
² API = Android
² SDK/IDE = Android
² Languages = C++

Software Applications:
Development Platforms
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WINDOWS 10
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Swift

Objective C
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Objective C

Swift
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Computer 
Science
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Algorithm 

Procedure à Process

v Sequence of steps
Ø Deterministic
Ø NON-Deterministic



INTRO
©2016-19 Jeff DrobmanAlgorithm Definition

v Instructions (recipe)
Ø Step-by-step (control sequence)
Ø Solving a problem or performing a task

v Execution
Ø Executed in any control sequence (processes)
Ø Dictated by control constructs (procedures)

v Result
Ø Output (e.g., computations)
Ø Transformation (e.g., games, simulations)

v Properties
Ø Well-formed
Ø Optimal (in time/code space)
Ø Terminates (in finite time)

§ Stops (“Halts”)
§ Waits (for user input)
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Alan Turing
v 9th century Persian 

mathematician
v 13th century usage 

by Chaucer
v 19th century intro’d
v 20th century first use 

in computing by 
Alan Turing

Algebra
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Get the 
number 
of items

Get the 
price of 
the item

Total = 
Price * 

Number

Taxable? Yes
Tax = 

Total * 
Tax rate

Output 
the total

N
o

Total = 
Total + 

Tax

Simple Sales

Models Control Flow:
§ sequence of operations
§ conditionals:  branching/skipping
§ formulas

Decisions
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v Conditional execution (decisions)
v Iterative execution (Loops)
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v Conditional execution (decisions)
v Iterative execution (Loops)
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vSimple
q Single formula
q Select a formula from a set

vComplex
q Conditional set (IF-THEN-ELSE)
q Iterative set (loop)
q Nested set
q Subroutines/methods

Ø “Programs” embed ”Algorithms” (0 to N)
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vSearching
q Binary

Ø List must be sorted

vSorting
q Bubble
q Iterative-Binary Search
q Quick Sort
q Q-Sort
q Others

§ 2/3 Sort (see next slide)

§ We will search a homonym database 
that you create in Lab 5

§ We will sort characters for anagrams 
in Lab 4
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1. Hello World:  Input/Output

2. Secret word game:  compare (guess to secret)

3. Temp convert:  formula*

4. Words/pals+anagrams:  check, sort algorithms*

5. Words/homonyms: Input database, check, search*

6. Primes A:  textbook algorithm*

7. Primes B:  Dr Jeff algorithm* (compare results)

8. Tic-Tac-Toe:  check win, next move algorithms*

*use “methods” (subroutines)



INTRO
©2016-19 Jeff DrobmanAlgorithms– Math

vFormulas
Ø Pythagorean Theorem
Ø Taylor Series
Ø Dr Jeff

vAlgorithms – Historical
Ø Euclidean GCD
Ø Sieve of Eratosthenes

§ Prime numbers
§ Not most efficient

Ø Newton’s Iteration
Ø Horner’s Rule
Ø Calendars
Ø Pascal’s Triangle

§ Polynomial coefficients
Ø Fibonacci Sequence

§ Natural model
§ Financial modeling

A Few Famous Algorithms from History 
Euclidean Algorithm (described in Euclid’s 
Elements circa 300BC, see Wikipedia article) For 
finding the GCD of two integers 
Sieve of Eratosthenes (276 BC - 195 BC)
For creating a table of prime numbers up to some 
chosen maximum 
Newton’s Iteration (Sir Isaac Newton, 1643-1727) 
For estimating square roots 
Horner’s Rule (William George Horner, 1786-
1837)
For quickly evaluating polynomials, especially 
polynomials of large degree 
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vDonald Knuth
Ø Stanford Computer Science Prof.
Ø Books – 3 volumes

1) Fundamental algorithms
2) Searching & Sorting algorithms

Searching & Sorting
vSorting

q Linear
q Bubble sort
q Binary sort
q Quick sort
q Qsort

vSearching (sorted list)
q Binary search
q Indexed search
q Hashed search

vCryptography
q Encryption

§ DES
§ AES
§ 3DES

q Hashing
§ Hash functions
§ MD5
§ SHA1

COMP182
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Sieve of Eratosthenes 
•Pick a value n. 
•Write out a table of the integers from 2 to n. 
•Cross out all entries that are multiples of 2. 
•Find the smallest remaining number > 2, 
which is 3. 
•Cross out all entries that are multiples of 3. 
•Continue until you reach the floor of the 
square root of n. 
•The numbers that remain are prime. 
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Old FORTRAN

“DO loops”

nested

Test routine à subroutine
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vNumbers = 1 .. 1000 à odd only
vdivisors = {P} = all found primes <= limit
vlimit = sqrt (Number)

Lab 6

conjecture

to be proven

Dr Jeff Optimized algorithm

v can easily cast out 5s (…5, ...0) Ø so only need to start at 7
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Find all prime numbers from 1 to NInit:  NUM = 3

CALL
TEST

PRIME? Output:  NUM

Incr:  NUM += 2

A

STOP

Y

N

TEST

DONE? GOTO   A

Y

N

RETURN

NUM>= N?

TEST div by 5

TEST div by 3

TEST div {P}

Y

Y

Y

Clear P flag

SET P flag

N

N

N

RETURN

RETURN

RETURN

TEST P

odd # only
{P}=all found primes 
<= sqrt(NUM)

easy

Output:  1, 2, 3

5?

3?

Dr Jeff Optimized algorithm
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v Tomohiko Sakamoto’s Algorithm v Leap years (1/4)
v Leap centuries (1/400)

v Zeiler’s Algorithm

v Basic Algorithm (0=Sat, 1=Sun, …)

c=year in century=year mod 100, m is from table
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q(I | j, k) = u(i, j, k) / SUM[u(n, j, k)] i=race, j=surname, k=census block
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A

m,n:  |mn - nm| = |m-n| * 9

where m, n are decimal digits (0..9)

Examples:
|m-n|=1
21 – 12 = 9
32 – 23 = 9
43 – 34 = 9
54 – 45 = 9

Examples:
|m-n|=2
31 – 13 = 18
42 – 24 = 18
53 – 35 = 18
64 – 46 = 18

Examples:
|m-n|=3
41 – 14 = 27
52 – 25 = 27
63 – 36 = 27
74 – 47 = 27

Examples:
|m-n|=4
51 – 15 = 36
62 – 26 = 36
73 – 37 = 36
84 – 48 = 36
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A

n:  ((n*10) + 5)2 = n(n+1)*100 + 25
where n is any decimal integer

Examples:
n = 2
252 = 625
n = 3
352 = 1225
n = 4
452 = 2025
n = 5
552 = 3025

square of any integer that ends in 5:
form of n52 = n(n+1) 25



INTRO
©2016-19 Jeff DrobmanAlgorithms

Computer 
Science

Ø See separate slide set
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vEncryption
q Used to secure data in storage & transit
q Many standards (DES, 3DES, etc.)
q algorithms use sequence of XOR operations
q use public-private key pairs
q replaces each character in situ with a code
q data retains same length
q does not detect tampering

vHashing
q Used to secure data in storage (only)
q A few standards (MD, SHA)
q algorithms use complex sequence of math operations with key
q use private keys derived from random issued words
q does not replace data
q adds a “hash” value to each block of data
q hash value is a fixed 160 bits for SHA
q detects tampering (raison d’etre)
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Algorithms + Keys

XOR
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Computer 
Science
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while(true) {

System.exit(0);

Java
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Not Provable?
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Documentation – COMMENTS
q Maintainability
q Code (conditional use)

v IN line
foo xxx foo ‘comments (VB)
foo //comments (JS, others)

v Beginning of line 
‘comment line (VB)
//comment line (JS, others)

v Multi line
/* comments line 1
comments line 2
comments line 3 */
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vAll applications projects integrate both CODE and DATA

vCODE manages the DATA

vCODE is combined into a single file (.exe, .class)

vDATA can be I/O or a stored collection, in any format:
Ø I/O (console, GUI) – not stored
Ø Set of simple files:

² CSV as .txt or other (.drj)
Ø Formal DBMS (SQL)
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vData
q Data Flow

§ Input
§ Output

q Data structures
§ Files
§ Arrays
§ Structures
§ Databases

vControl
q Control Flow

Ø Confined to structures
q Control structures

Ø Subroutines/Methods
Ø IF-THEN-ELSE
Ø LOOPS

§ FOR (iteration)
§ WHILE
§ DO-WHILE
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Code Data
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Data

DATA STRUCTURE
q Simple data files
q Data models

u Apple Core Data
q RDBMS
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Code
Setup

Includes

Declares

Inits

Main

Sub 1

Sub 2

UI

Object 
Declare 1

Object 
Declare 2

Object 
Handler 1

Object 
Handler  2

Function 
Library

Search 1

Sort 1

DBMS

Data files

Structured 
Database

Memory 
Mgt

Declares 
[arrays]

Local vs. 
Global

malloc
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qForward
qPreface
qIntroduction

qChapters
§
§
§

qConclusion
qIndex

qIncludes
qDeclarations
qInitialization

qBlocks
§ Classes
§ Procedures

§ Functions
§ Event Handlers
§ File Handlers
§ I/O Handlers
§ Error Handlers

qDocumentation

BOOK PROGRAM

Read sequentially Executed NON-sequentially
(by thread of control -- “behavior”)
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/* C program */
#include <stdio.h>  //standard C I/O library

void main ( )
{
// inits
Int a,b

/* C program 
Goes here */

printf (“Hello”\n)  //print to std output (console)
scanf(“%d%d”, &a,&b)  //input from keyboard

}
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/* Java program */
import javax.swing.*;  //standard Java library
// ”system” does not need to be imported

public class helloWorld {
public static void main (String[] args) {
system.out.println (“Hello world!”);

}
}
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Imports System.IO ‘to Read/Write Files
Imports System.Drawing.Printing ‘to use a Printer

Public Class Form1
Inherits System.Windows.Forms.Form ‘to use a “Window”

< Declarations >

Private Sub Form1_Load(ByVal sender As System.Object, ByVal
e As System.EventArgs) Handles MyBase.Load

< Initialization code >

End Sub

End Class

MAIN

SETUP

< MODEL code>

< CONTROLLER code>
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Private Sub limra(ByRef dd As Int16, ByVal x As Byte)
< statements >

End Sub

Private Sub abs(ByRef dd As Int16)
< statements >

End Sub

Private Function pad0(ByVal dd)
< statements >
Return (dd)

End Function

vCall
vParameter passing

Ø By Value
Ø By Reference

vReturn
Ø Sub -> void
Ø Function -> valuePrivate Sub caller()

Call abs(x)
Call pad0(n)
Call limra(z,m)

End Sub
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Private Sub limra(ByRef dd As Int16, ByVal x As Byte)
< statements >

End Sub

Private Sub abs(ByRef dd As Int16)
< statements >

End Sub

Private Function pad0(ByVal dd)
< statements >
Return (dd)

End Function

vCall
vParameter passing

Ø By Value
Ø By Reference

vReturn
Ø Sub -> void
Ø Function -> valuePrivate Sub caller()

Call abs(x)
Call pad0(n)
Call limra(z,m)

End Sub
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void limra(dd, ff)  {
int a,b;
< statements >

}

vTemplate
vCall
vParameter passing

Ø By Value
Ø By Reference

vReturn
Ø Sub -> void
Ø Function -> value

void main()  {
int a,b,c;
limra(a,b);
x = limfn(b,c);

}

int limfn(dd, ff)  {
int a,b;
< statements >

Return (a);
}

SUBROUTINE

FUNCTION

MAIN PROGRAM
Calls subs
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public static void limra(dd, ff)  {
int a,b;
< statements >

}

vTemplate
vCall
vParameter passing

Ø By Value
Ø By Reference

vReturn
Ø Sub -> void
Ø Function -> value

public static void main(String[ ], args)  {
int a,b,c;
limra(a,b);
x = limfn(b,c);

}

public static int limfn(dd, ff)  {
int a,b;
< statements >

Return (a);
}

SUBROUTINE

FUNCTION

MAIN PROGRAM
Calls subs
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vINCLUDE
#include <stdio.h>
#include <p18f4321.h>

vMACRO (compare to EQU vs. subroutines)
#define portc0   PORTCbits.RC0

vPRAGMA (compare to ORG)
v #pragma code begin
v #pragma code int_vect = 0x0000008
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SETUP
Imports System.IO
Imports System.Drawing.Printing
Public Class Form1

Inherits System.Windows.Forms.Form
'**system constants
Public Version As String = "Version x.x”
Dim DataVer As String 'ver # in file
Dim copyr As String = "Copyright(c) 2009-14”
'**system switches
Dim DEMO As Boolean = False, REL As Boolean = False 'EDIT for Release/debug
Dim DEBUG As Boolean = False

'**screen X,Y positions
Dim cprtX As Int16 = 488, cprtY As Int16 = 444, demoX As Int16 = 344, demoY As Int16 = 0
Dim verX As Int16 = 177, verY As Int16 = 0, DverX As Int16 = 177, DverY As Int16 = 16

'**standard vars
Dim i, j, k, l, m, n As Byte
Dim u, v, w, x, y, z As Int16
Dim ss, tt, uu, vv, ww, xx, yy, zz As Single
Dim wstr, xstr, ystr, zstr, xxstr, alertst, srchstr, matchstr As String
Dim vobj, wobj, xobj, yobj, zobj As Object
Dim err1 As Boolean = False, err2 As Boolean = False

'**file
Dim OpenFileDialog As FileDialog
Dim streamxx As StreamReader
Dim file_root As String = "C:\Users\Jeff\Documents\Jeff's files\DrJeff Software\Word World\

VB
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Init – LOAD DATA'**LOAD Files
'*Main Load data
Private Sub loadF(ByVal fnam As String)

Try
FileOpen(1, fnam, OpenMode.Input)

Catch ex As Exception
Call filerr("error opening data file in <loadF> - " & ex.Message)

End Try
End Sub

'*Load User data
Private Sub loadU(ByVal fnam As String)

Call loadhead(fnam, "User")
If cc Then Call loadfav() Else favlen = 0 : Call filerr("Favorites not loaded")
Call loadchex() : ccx = cc : If Not cc Then Call filerr("Checks not loaded")
Call loadpat() : If Not cc Then plen = 0 : Call filerr("Channel patches not loaded")
FileClose(1)
If Not ccx Then 'use default chex

For i = 0 To catmax
k = genlen(i) : k = limra0(k, gmax)
For j = 0 To k

chex(i, j) = 1 : Next : Next
End If

End Sub

VB



INTRO
©2016-19 Jeff DrobmanActual Code-Visual Basic

UI – User Events
Private Sub SavBtn_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles SavBtn.Click

cc = True
If favlen < 1 Then Call actok("Saving Empty Favorites”)
If cc Then Call savall(LoadfilexU)

End Sub
'**Box handlers
Private Sub chg_box(ByVal ar() As String, ByVal ln As Int16, ByRef obj As System.Object)

Dim ii As Int16
obj.Items.Clear()
If ln <= 0 Then Return
'Call dialert("len=" & CStr(len))
Try

For ii = 0 To ln - 1
xstr = ar(ii) '& "**”
'Call dialert(xstr)
If xstr = "" Then xstr = "<blank>”
If obj Is ListBox3 Then

Call wordwrap(ListBox3, xstr, 21)
Else

obj.Items.Add(xstr)
End If

Next
Catch ex As Exception

Call Palert("error in <chg_box>" & " -" & ex.Message)
End Try

End Sub

VB
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FUNCTION LIBRARY
'**SEARCH/SORT
'**search

Private Function searchlist(ByRef listx As Object, ByVal xx As String, ByVal ln As Byte)
'*find index of xx in sorted list

Private Function search1D(ByVal ar(), ByVal ln, ByVal xs)
Private Function srchcond(ByRef ss) 'process search text; set cond2
End Function

'**sort
Private Sub sortadd(ByRef nam() As String, ByRef box As Object, ByVal ln As Byte)

'*bubble Dn last in sorted list, nam(0:ln); gen xar()

Private Sub sortlist(ByRef listx As Object, ByVal ar() As String, ByVal ln As Byte)
'*gen index array 'xar' fm sorted list

Private Sub sortarr(ByRef ar() As String, ByVal ln As Byte)
'*sort array via 'xar' –str

End Sub

VB
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vScope
Ø Local – best to use – Private
Ø Global – be very careful – Public

vType casting
Ø Use explicit types (avoid implicit casting & overloading)

vProcedure parameter passing
Ø Use “By Value” for variables
Ø Use “By Reference” for objects

vCondition codes
Ø Set “CC” binary var (T/F) on action completion
Ø Test “CC” before continuing with next action

vError trapping & handling
Ø TRY & CATCH blocks – use generously
Ø Catch exception descriptions
Ø Add as much pertinent info as possible (esp. location)
Ø Report via “alert boxes”
Ø Never allow un-trapped errors – they cause program interruption

(that is what “beta testing” is for)
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vMemory
q Code (KB-MB)

o Static
o Lines of code
o Verbosity

q Data (MB-GB-TB)
o Small files (CSV)
o Databases (SQL)
o Big data (data mining)

vPerformance (Speed)
q Total execution time (sec)

o Small tasks (compute only)
o Big simulations (e.g., weather)
o Verbosity

q User response (msec)
o Clicks
o Text characters
o Forms

q Embedded control (msec)
o Real-time response
o Interrupts

VS
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vEncapsulation
q Objects

² Classes as models
q Classes

² Properties
² Constructors
² Methods

vInheritance
q Class Instantiations

vPolymorphism
q Multiple Instantiations

² Small changes to Methods or code

Class Foo
<decl vars (init)> 
Fn 1
Fn 2
<code>

End Class

Foo Fee
Fn 3
<other code>

End Class

v Fee Instantiates Foo
v Fee Inherits Foo
v Fee Adds code to Foo

polymorphism

v Declare class Foo
v Declare vars
v Define methods
v Add code

Ømajor properties of OOP
Ch 9
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vMicrosoft
Ø Visual Studio

² Design View
² Code Behind

vApple
Ø Xcode

² Storyboard
² Code
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vModel
q Application function set

vView
q Design – what user sees

vController
q Event handlers (user actions)
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Web Apps Web UI

vWHAT
q Functions
q Features
q Benefits

v Implement
q Code Structure
q Programming Languages
q Coding (programming)

vHOW IT LOOKS
q Appearance
q Features
q Benefits

v Design
q Site Structure
q Page layout
q Styles
q Visual elements

² Photos
² Videos
² Audio/sound
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WiFi to ISP

Website Server

IP routed   data

WiFi/cellular
data services

CLIENT DEVICES

CLOUD
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vPhones
q iPhone (Apple iOS)
q Android (Samsung, HTC, MotorolaàGoogle)
q Windows (Nokia, Microsoft?)
q Blackberry (ex-RIM, dying)

vTablets
q iPad (Apple iOS)
q Android (Samsung, Google Chromebook)
q Amazon (Kindle, Fire)

vHybrids (optional keyboard, stylus)

q Microsoft Surface
q Apple iPad Pro (iOS)

vPCs
q Windows PCs (HP, Dell, Toshiba, et al.)
q Mac (Apple Mac Pro, MacBook)

Client Devices

RUN BROWSERS

RESPONSIVE/ADAPTIVE LAYOUTS
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PHP/Perl scripts

LAMP

Design of Web Apps
LAMP = Linux + Apache + MySQL + PHP

§ Perl
§ Python
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vOS
q Linux (Ubuntu, Fedora)
q Windows

vApplication server
q Apache
q Windows IIS

vWebsites
q Pages (markup)

§ HTML
§ CSS

q Applications (functional)
§ PHP
§ Perl
§ Python
§ Java
§ Javascript (J2EE, JSON)
§ Ruby
§ ASP.NET

vDatabases
q MySQL
q MS SQL Server
q Others

§ Oracle
§ SAP
§ Teradata

LAMP = Linux + Apache + MySQL + PHP
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Apache

Linux

CGI

PHP/Perl/Python

IP packet
?GET $var=value

$var=value

$var=value

https://www.facebook.com/seadebido/posts/10208511988945552?notif_t=close_friend_activity

CGI in HTTP
https://www.facebook.com/jeff.drobman/posts/10207546329763616?notif_t=like

https://portal.itt-tech.edu/shared/library/Pages/SchoolOfIT.aspx

https://secure.bankofamerica.com/myaccounts/signin/signIn.go?returnSiteIndicator=GAIMW&langPref=en-
us&request_locale=en-us&capturemode=N&newuser=false&bcIP=F

https://en.wikipedia.org/wiki/Common_Gateway_Interface
http://www.amazon.com/gp/goldbox?ie=UTF8&ref_=br_isw_strs-2

IP packet
NEW PAGE (HTML)

TO USER FROM USER

New page with HTML
+ Client-side scripts

² Java
² Javascript

LAMP

SQL
queries

LAMP = Linux + Apache + MySQL + PHP

Full Stack

Server-side
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vApache
vMicrosoft IIS
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CLIENT Side

SERVER Side

Spoken Languages
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vHybrid web language
q Markup (tags)
q Application (OOP)
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v.html (or .htm) – primary markup language

v.css – CSS stylesheet file 

v.php – PHP programming language code

v.java – Java interpreted programming language code

v.js – Javascript scripting language code

v.pl – Perl programming language code

v.aspx – Microsoft .NET programming language (Active Server Pages)
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All about SCREEN SIZE and FORMAT
v ADAPTIVE

q Size
§ Phone
§ Tablet

q Orientation
§ Portrait
§ Landscape

v Apple Xcode
q Built-in coding for re-sizing

§ Phone
§ Tablet

q Orientation
§ Automatic
§ Simulator displays both



INTRO
©2016-19 Jeff DrobmanWeb Design Toolsets

vWordpress
² Blog style
² Templates
² Plug-ins

vWeebly
² Drag & drop

vWix

vSquarespace
² Pre-fab – Templates

NOT COVERED IN THIS COURSE
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vYahoo

vGoogle

vGoDaddy

viPage

vBlueHost

vSquareSpace

TLDs
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Computation Memory Program Control I/O

v ALU
§ ADD
§ SUB
§ AND
§ OR
§ XOR
§ NOT

v MULT [opt]
v DIV (rare)
v BIT

§ SET
§ CLR
§ TEST

v SHIFT
§ SHIFT
§ ROTATE

v Reg-Mem
§ LOAD
§ STORE
§ MOV

v Mem-Mem
§ MOV

v Stack
§ PUSH
§ POP

v JUMP
§ JUMP/GOTO

v BRANCH
§ BRA
§ BRCC

v CALL
§ CALL/CALR
§ RET/RFI/RETFIE

v NOP

v I/O
§ IN
§ OUT

v Mem Mapped
§ MOV   PORT

System Control

v Reset
§ RESET

v Power
§ SLEEP/HALT
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ADDLW <data>;Add W to Literal <data> à W (only)
ADDWF(C)  <addr>, W/F ;Add W to F (Data RAM) à W or F

ADD

MULTIPLY

MULLW ;Multiply W by Literal <data> à PROD [H,L]
MULWF ;Multiply W by F at <addr> à PROD [H,L]
MOVFF PRODL ,<addr>    ;Store PRODL* à F at <addr>
MOVFF PRODH,<addr>    ;Store PRODH* à F at <addr>

MOVLW <data>  ;Load Literal <data> à W
MOVF* <addr>, W/F ;Load F at <addr> à W or F (same location; sets N, Z)
MOVWF <addr>  ;Store W à F at <addr>
MOVFF <addr1>,<addr2> ;Move F1 à F2 in DataRAM (different location)

MOVE

*SFR

Sets all flags

Sets NO flags

Sets NO flags (1 exception*)

PIC 18 MCU
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vDirect (in instruction) MOVF/WF <addr>[8]
JUMP long-addr [21], BRA offset [+-7]

vImmediate (Literal Data) MOV/ADDLW k [-128 to +127]

vIndirect (Register indirect, uses FSR)
§ LFSR n,<addr> [12-bit] (n=0, 1, 2)
§ MOVF/WF INDFn
§ CLRF/MOVF POSTINCn/POSTDECn/PREINCn

vIndexed (Base Register FSR + Index Register W )
§ CLRF/MOVF PLUSWn
§ INCF <addr>,F ;increment F -or-
§ ADDLW 0x01 ;increment W

PIC 18 MCU
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MULTIPLY

v Unsigned only
v First convert negative numbers (2sC) – NEG op
v Compute result sign:  0 if both signs same, 1 else (not=)
v Complement result if sign is negative – NEG op 
v Other MPUs use signed multiply (2sC) via “Booth’s Algorithm”

DIVIDE
v No hardware, no instruction (a few new models have a hardware divide)
v Create subroutine (may find ones in asm library)
v Compute

§ Long division
§ Non-restoring division
§ Iterative subtraction (very slow)

v Use tricks
§ Divide by 2 or any 2n:  right SHIFT by n
§ Divide by 10:  convert to BCD, then right SHIFT by 4 (reconvert to binary) 
§ Divide by 5:  divide by 10, then multiply by 2 (by shifting after conv. Bin)


